A high sensitivity of fish chemoreceptors to dilute electrolyte solutions has previously been reported (Komsm and NIWA, 1964 : KONISHI, 1966 , 1967 KONISHI and HIDAKA, 1967) . The recorded response vs. concentration curve displays a convex shape having a maximum at extremely low concentration. KONISHI (1966) suggested a hypothetical explanation for the mechanism of the specific receptor stimulation, in terms of an interfacial physiochemical model. The explanation was that the change of the electrokinetic potential of the receptor membrane, caused by adsorption of stimulus ions by the membrane, might determine the activity of the receptor system.
The hypothesis is, however, not yet fully established by experiments.
In the present work, attention was directed towards large electrolyte ions as stimulants of the specific receptor system.
The following experiments, with organic electolytes having anions of large size and high charge density, indicate that penetration of the stimulus anions across the receptor membrane is not an essential factor for stimulation of this specific receptor system.
METHODS
Sixty eight carp (Cyprinus carpio L.) with an average body length of 38cm were used in the present study. The procedure for obtaining the palatine nerve preparation was the same as that previously described (KONISHI and NIWA, 1964; KONISHI, 1966) . The electrical response from the entire nerve was recorded by means of an integrator (cf. BEIDLER, 1953; DIAMONT et al., 1965) . The nerve was lifted on to a platinum wire electrode which was connected to the input of a R.C.-coupled preamplifier, and which led in series to an integrator having a rise time of 0.2 sec., a D.C. mainamplifier and then a cathode ray oscilloscope. The other input was attached to the tissues and grounded. To quantify the integrated neural response, the magnitude of the peak 316J.
KONISHI AND I. HIDAKA response was measured. To obtain a single fiber response, the nerve was dissected under a binocular microscope. The test solutions were applied in equal quantities (about 1ml), and in an ascending order of concentration for each stimulant, over the surface of the palatal organ. The organ was washed with tap water after each application of test solutions. The stimulants tested were sodium chloride, sodium ferrocyanide, potassium chloride, choline chloride, tetramethylammonium chloride (TMAC), calcium chloride, disodium-lead ethylenediaminetetraacetate, dipotassium a-D-glucose-l-phosphate, sodium glutamate, disodium 5'-inosinate, glucose, glycine, sodium alginate, sodium carboxymethyl cellulose (CMC), sodium dioctylsulfosuccinate (Manoxol OT), cetyltrimethylammonium bromide (CTAB), dodecylpyridinium chloride (DPC), sodium dodecyl sulfate (SDS), Direct sky blue, Congo red, Ponceau PR, Amaranth and Naphthol yellow. DWE or "distilled water effect" (a wash response produced by distilled water, KONISHI and NIwA, 1964) was elicited by 1ml of distilled water applied immediately after the application of about 3ml of test solution. For quantification of DWE, the magnitude of maximum height of integrated DWE was measured. The effects of the pretreatment of the receptors with acid and alkali were studied by bathing the sensitive region of the palatal organ with hydrochloric acid or sodium hydroxide solution for a few minutes. After the treatment the organ was washed with tap water before application of test solutions.
RESULTS AND DISCUSSION
As previously observed the palatal chemoreceptor system responding specifically to dilute electrolyte solutions is characterized by several features; a) after the magnitude of the response reaches a maximum at a certain concentration of salt, any further increase in concentration results in a depression of the response; b) the concentration at which the maximum of the responseconcentration curve is obtained depends on the normality of the stimulant; c) the higher the valency of the anion of the salt, the larger the magnitude of the peak of the curve; d) increase in ionic strength of the stimulating solution by adding supporting electrolytes causes a depression of the response; e) a stimulatory response is elicited by distilled water applied immediately after the receptor has been bathed with a salt solution concentrated enough to depress the receptor activity (the distilled water effect, DWE) and DWE also produces a similar convex curve against the concentration of the bathing salt solutions, having a maximum always at higher concentration than the ordinary response-concentration curve does. In the present investigation, the above characteristics of the specific receptor system were examined by stimulating the receptors with various organic salts of large ionic size.
Salts having relatively large sizes of anion or cation
Typical responses were recorded with dilute solutions of salts having large divalent anions (disodium 5'-inosinate and dipotassium a-D-glucose-1-phosphate) and the chlorides having monovalent cations of large hydrated size (TMAC and choline chloride) (FIG.1) .
As seen from the figure, these salts elicited remarkable The concentrations at the peaks of the response-concentration curves in the figure appear to depend upon the normality of the salts. These salts elicited also typical DWEs.
FIG .2 shows the DWE-concentration curves for these salts and several other organic salts, obtained with two preparations.
It appears from the figure that the concentrations at the peaks of the DWE-concentration curves also depend upon the normality of the salts. This seems to suggest that the salt stimulates the specific receptor system, though weakly. In FIG.3 , results of experiments with glycine and glucose from another preparation are presented.
It is seen from the figure that the responses to the neutral amino acid and non-electrolyte sugar do not yield any typical maximum in the tested concentration range. Similar results with glycine and sucrose have been obtained with the sea catfish (KONISHI and HIDAKA, 1967 
FIG.3.
Integrated responses of the whole palatine nerve to varying concentrations of glucose, glycine and sodium ferrocyanide (full lines), and distilled water effects for the solutions of glucose and glycine (broken lines). The magnitude of the distilled water effect is plotted against the same ordinate scale as for the response magnitude.
always observed with electrolytes.
The failures of sucrose to depress the response to dilute solutions of electrolytes, when added to the electrolyte solutions, and to depress the DWE for the electrolyte solutions, when applied to the distilled water, have been observed with sea catfish (KONISHI and Hi-DAKA, 1967) and carp (KONISHI, 1966), respectively. KONISHI and NIWA (1964) have reported the positive response of the carp palatal chemoreceptors to dilute solutions of sucrose.
However, it was not certain at that time whether or not sucrose stimulated the specific receptor system in question, because the magnitude of the recorded response was very small, and moreover the responseconcentration curve obtained appeared somewhat variable. The present findings with carp and the previous findings with carp and sea catfish now strongly suggest that non-electrolytes such as sucrose and glucose and even electrolyte having no net charge such as glycine may have nothing to do with the specific receptor system in question. (Komsm, 1966 ) that the treatment of the receptor surface with some dye salts caused a marked lowering of the activity of the specific receptor system. This phenomenon suggested specific adsorption of the dye anions to the receptor sites. Therefore it was decided in the present study to investigate the stimulating effects of several dye salts having anions of large size. The stimulants tested were some divalent anion salts (Congo red, Ponceau PR, Naphthol yellow), a trivalent anion salt (Amaranth) and a tetravalent anion salt (Direct sky blue). All of these dye anions appeared to stimulate the specific receptor system in question. In FIG.4 , typical response-concentration curves and DWE-concentration curves for these dye salts solutions are illustrated.
Dye salts It was observed previously
In the response curve for Congo red in the figure, one does not find the maximum typical of ordinary electrolytes within the concentration range investigated.
However, as seen from the DWE curve in the figure, this salt elicited the remarkable DWE. The same was true in all of four preparations investigated. In FIG.5 supporting electrolytes upon the response to Congo red are illustrated. It is seen from the figure that the response to Congo red is strongly depressed in low concentration range, by adding either 1/256M NaCl or 1/2048M CaCl2 to the Congo red solution.
Both the two findings seem to support that Congo red is involved with the specific receptor system in question. The remarkable responses to higher concentrations of Congo red in FIG.5 are, however, not expected from the specific receptor system, considered from the high ionic strengthes of the mixed solutions (cf. KONISHI, 1966) . This result may be explained by simply assuming the participation by another receptor system, responsive to concentrated solutions, in reaction with the high concentrations of this salt. The response to Ponceau PR was very small and the shape of the response curve in FIG.4A looks somewhat depressed. Such a result , however, is not unexpected even if the salt has stimulated the same receptor system for its specific adsorptive character.
The typical DWE , which observed with all of seven preparations investigated, seemed to support the positive stimulatory abilities of this salt against the specific receptors in question. Like Congo red, Direct sky blue was also strongly stimulatory at the higher concentrations investigated (FIG.4B) . However, results of experiments shown in the following two figures indicate that this salt also is involved with the same receptor system. In FIG.6 , the effects of previous treatments of the receptor surface with acid and with alkali are illustrated.
It is noticed from the figure that sodium hydroxide depressed the activity of the receptors at lower concentrations of the salt solution but did not affect appreciably the higher than 1/1024M concentrations, suggesting that the salt stimulates at least two different receptor systems, one responding to a highly dilute range, and the other responding to a higher range, of salt concentrations. The former receptor system has been directly demonstrated by responses from single nerve fibers (FIG.8) .
Polymeric electrolytes
Experiments with polymerized compounds have provided much more conclusive evidence that penetration of the stimulus anions into the receptor is not necessary for stimulation of the specific receptor system in question.
In 
